INTRODUCTION
Lobular carcinoma in situ (LCIS), a noninvasive proliferation of lobular cells within a terminal-duct lobular unit, involves multicentric lobules and both the breasts in 85% and 30% to 67% of patients, respectively [1, 2] . It is also found in 0.5% to 4% of otherwise benign breast biopsies, and a precursor-product relationship exists between LCIS and invasive lobular carcinoma [2, 3] . Although early studies reported that both breasts are at equal risk for later cancer development, more recent study has reported that approximately two thirds of subsequent carcinomas develop in the ipsilateral breast [4] . The relative risk for subsequent development of invasive carcinoma in patients with LCIS ranges from 4 to 12 times that in women without LCIS. Previous studies have shown that when lobular neoplasia is found on image-guided core biopsy, the upgrade rate varies from 2% to 40%. Thus, the National Comprehensive Cancer Network guidelines currently recommend excisional biopsy in LCIS cases [5] .
In our institution, owing to the increased use of supplemental ultrasonography (US) screening and magnetic resonance imaging (MRI), the incidence of LCIS lesions after imageguided core needle biopsy and subsequent surgical excision has increased. Furthermore, over the last decade, there have been a substantial number of re-excision cases due to resection margin involvement by LCIS. Thus, the objective of this study was to evaluate the imaging features of pure LCIS on MRI in patients who underwent immediate re-excision after lumpectomy.
Purpose: To evaluate imaging features of pure lobular carcinoma in situ (LCIS) on magnetic resonance imaging (MRI) in patients who underwent immediate re-excision after lumpectomy. Methods: Twenty-six patients (46.1±6.7 years) with 28 pure LCIS lesions, who underwent preoperative MRI and received curative surgery at our institution between 2005 and 2013, were included in this study. Clinicopathologic features associated with immediate reexcision were reviewed and analyzed using Fisher exact test or the Wilcoxon signed rank test. Results: Of the 28 lesions, 21.4% (6/28, six patients) were subjected to immediate re-excision due to resection margin involvement by LCIS. Nonmass lesions and moderate-to-marked background parenchymal enhancement on MRI were more frequently found in the re-excision group than in the single operation group (100% [6/6] vs. 40.9% [9/22] , p= 0.018; 83.3% [5/6] vs. 31.8% [7/22] , p= 0.057, respectively). The median lesion size discrepancy observed between magnetic resonance images and histopathology was greater in the re-excision group than in the single operation group (-0.82 vs. 0.13, p= 0.018). There were no differences in the mammographic or histopathologic findings between the two groups. Conclusion: Nonmass LCIS lesions or moderate-to-marked background parenchymal enhancements on MRI can result in an underestimation of the extent of the lesions and are associated with subsequent re-excision due to resection margin involvement.
consecutive patients underwent image-guided percutaneous breast biopsy at our hospital. We searched the pathology database for patients with a pathological diagnosis of LCIS; 60 such patients were found. Among them, 45 patients underwent surgical excision. At the discretion of the patient or the clinician, 15 patients did not undergo surgical excision. Of the 45 patients who underwent excision, 11 had concurrent malignant disease (five cases of ductal carcinoma in situ, three cases of invasive lobular carcinoma, and three cases of invasive ductal carcinoma); preoperative magnetic resonance (MR) images were not available for five patients; and the 2-year follow-up information was not available for one patient. Finally, a total of 28 LCIS lesions in 26 patients (46.1 ± 6.7 years) who had undergone surgical excision after mammography and MRI were included. One case of bilateral LCIS and one case of recurrent LCIS in the ipsilateral breast were included in the study.
Imaging evaluation
Mammographic images were obtained using a Senographe 2000D instrument (GE Healthcare, Milwaukee, USA) or a Lorad Selenia instrument (Hologic, Bedford, USA). MR examinations were performed using a 1.5-T system (Signa; General Electric Medical Systems, Milwaukee, USA) with a dedicated breast coil (8-channel HD Breast Array; General Electric Medical Systems). After obtaining transverse localizer images on both the sides, sagittal fat-suppressed T2-weighted fast spin-echo images were obtained (repetition time [TR]/ echo time [TE] , variable from 5,500 to 7,150/82; matrix 320 × 192; field of view, 200 mm × 200 mm; 1.5-mm slice thickness; no gap). Dynamic contrast-enhanced examinations included one precontrast and five postcontrast bilateral sagittal image acquisitions using a fat suppressed T1-weighted 3D fast spoiled gradient echo sequence (TR/TE, 6.5/2.5; matrix 320 × 256; flip angle, 10°; field of view, 200 mm × 200 mm; 1.5-mm slice thickness; no gap). Five postcontrast image series were obtained at 91, 180, 360, 449, and 598 seconds after the start of contrast administration. For all studies, early subtraction (i.e., first postcontrast images minus precontrast images), axial reformatted images, and 3D maximum intensity projection images were generated. All available images were reviewed and classified by two radiologists with consensus using the American College of Radiology Breast Imaging Reporting and Data System Atlas lexicon [6] . Lesion size was defined as the maximal diameter of the enhancing lesion on early postcontrast images, and lesion type was categorized as a mass or nonmass enhancement. The level of background parenchymal enhancement was classified as minimal, mild, moderate, or marked, based on the first postcontrast T1-weighted and subtraction images. Initial-phase kinetic features were classified as slow, medium, or fast, by comparing the signal intensity of the first postcontrast images to that of precontrast images. A slow pattern indicated an intensity increase of less than 50%, a medium pattern indicated an intensity increase between 50% and 100%, and a fast pattern indicated an intensity increase of over 100%. The delayed phase kinetic feature was categorized as persistent, plateau, or washout. A persistent pattern indicated an intensity increase of more than 10% when the signal intensity of the delayed postcontrast images was compared with that of the first postcontrast images. A plateau pattern indicated a signal intensity change of less than 10% after peak enhancement. Finally, a washout pattern indicated an intensity decrease of more than 10% after peak enhancement. Lesion size discrepancy was calculated as (lesion size on MRI-lesion size on surgical histopathology)/lesion size on histopathology. Thus, a negative value indicated an underestimation and a positive value indicated an overestimation of the lesion size on MRI.
Clinicopathologic evaluation
Eight lesions were detected by screening mammography due to calcifications, 14 lesions were detected by supplemental US screening, and six lesions were detected in contralateral breasts in patients with proven malignancy on preoperative MRI. As surgical excision is routinely recommended for women with a core biopsy diagnosis of LCIS in our institution, all lesions were confirmed through surgical excision.
An experienced pathologist (I.A.P.), with 29 years of experience in breast histopathology, and two radiologists (N.C. and A.J.C.) reviewed all histopathology slides and the mammography and MR imaging findings. On the histopathology slides, they analyzed the histologic type and lesion size of pure LCIS. To exclude coexisting benign pathologies detected by imaging, they correlated the imaging features with pure LCIS features. Lesion size, a location in fibroglandular tissue or the fat layer, and the morphology of the LCIS component on imaging findings were compared with those on the histopathology slides. Based on the histopathologic and surgical reports, the lesions were divided into either the re-excision group or the single operation group. In our institution, when LCIS involvement is detected at the resection margins, subsequent reexcisions are routinely performed. Frozen biopsy samples were not collected during the surgeries.
Statistical analysis
Histologic type and imaging features were compared between the re-excision group and the single operation group using Fisher exact test or the Wilcoxon signed rank test. SPSS version 19.0 (IBM Corp., Armonk, USA) was used for all statistical analyses and two-tailed p-values of < 0.05 were considered to indicate a statistical significance.
RESULTS

Histologic and imaging features
The 28 lesions comprised 20 (71.4%) classic type LCIS, six (21.4%) nonclassic type LCIS, and two (7.1%) pleomorphic type LCIS. Immediate re-excision due to resection margin involvement of LCIS was performed for 21.4% of the lesions (6/28) in six patients (Table 1) . One recurrent LCIS lesion occurred in a patient's ipsilateral breast 28 months after the initial operation ( On mammography, 53.6% of lesions (15/28) showed negative findings and 46.4% of lesions (13/28) showed correlative, findings suspicious for calcification (n = 10) or focal asymmetry (n = 3). On MRI, all lesions showed a correlated enhancing lesion; 53.6% (15/28) appeared as nonmass enhancements and 46.4% (13/28) appeared as masses ( Table 2 ). The most common features of nonmass enhancements were a regional distribution (21.4%, 6/28) or a heterogeneous internal enhancement pattern (39.3%, 11/28) ( Figure 1) . The most common mass features included irregular shape (39.3%, 11/28), irregular margin (25.0%, 7/28), or homogeneous internal enhancement (28.6%, 8/28) ( Figure 2 ). The most common kinetic features were initial fast enhancements (75.0%, 21/28) or 
Association between immediate re-excision and MRI features
Nonmass lesions on MRI or moderate-to-marked background parenchymal enhancement were more frequently found in the re-excision group than in the single operation group (100% [6/6] vs. 40.9% [9/22] , p= 0.018; 83.3% [5/6] vs. 31.8% [7/22] , p = 0.057, respectively) ( Table 3, Figures 1, 2) . The median discrepancy in lesion size between the MR images and histopathology was greater in the re-excision group than in the single operation group (-0.82 vs. 0.13, p = 0.018). No differences between the two groups were observed in the mammographic findings or the histopathologic analysis.
DISCUSSION
We found that pure LCIS lesions in patients who underwent immediate re-excision after lumpectomy due to resection margin involvement by LCIS tended to show more nonmass lesions or more moderate-to-marked background parenchymal enhancement on breast MRI (100% [6/6] vs. 40.9% [9/22] , p = 0.018; 83.3% [5/6] vs. 31.8% [7/22] , p = 0.057, respectively) than the lesions in patients who underwent a single operation.
The American Society of Surgical Oncology has reported that classic LCIS at the resection margin is not an indication for re-excision, but that significant pleomorphic LCIS at the resection margin is uncertain [7] . This guideline was based on a few studies in which the presence of LCIS at the resection margin did not affect subsequent local recurrence [8, 9] . However, another study reported that LCIS or atypical lobular hyperplasia at the margin was significantly associated with increased local recurrence [10] . The latter study reported a recurrence rate of 39% in the positive margin group compared with a recurrence rate of just 7.9% in the negative control group. Furthermore, LCIS shares similar gene expression profiling features with invasive lobular carcinoma [11] , supporting a role for LCIS as not only a risk factor for breast cancer, but also as a direct precursor of invasive lobular carcinoma. Thus, we hypothesized that an increased understanding of the imaging features associated with pure LCIS, with a focus on the re-excision group, may help to reduce subsequent local recurrence. Increased awareness would also reduce the number of lumpectomies performed on pure LCIS lesions. In our institution, LCIS at the margin of a lumpectomy specimen is routinely observed in histopathology reports. In such cases, re-excision is subsequently performed; thus, we were able to evaluate MR imaging features of pure LCIS, as well as features associated with margin involvement by LCIS. Although all included lesions in our study were visible on MRI, 21.4% (6/28) of women underwent immediate re-excision after the initial surgical excision owing to LCIS involvement of the resection margin. The main reason for this re-excision was thought to be an underestimation of the extent of the lesion based on the preoperative MRI. MRI findings of LCIS are generally more subtle than those of ductal carcinoma in situ or other invasive cancers. The majority of nonmass LCIS lesions in our study showed a regional, focal distribution, or heterogeneous internal pattern, while irregular shapes with homogeneous enhancement and delayed persistent kinetics, were observed for masses. These findings are not particularly suspicious and they are contrary to those of the majority of invasive cancers, which show ductal distribution or internal clumped enhancement pattern for nonmass lesions, and irregular shapes with spiculated margins, or marked internal enhancement, for mass lesions [12] . Furthermore, the moderate-to-marked background parenchymal enhancement observed in the re-excision group in our study may limit detection of a lesion or assessment of the extent of the lesion. It has been suggested that physiologic fibroglandular tissue enhancement after intravenous injection of contrast agent associated with hormonal influences may affect the performance of breast MRI [13, 14] . Indeed, a recent study reported that the most common feature of breast cancers that are not diagnosed during screening is mimicry of physiologic background parenchymal enhancement [15] . Thus, the low conspicuity of nonmass LCIS lesions with moderate-to-marked background parenchymal enhancement could lead to an underestimation of the extent of the lesion and resection margin involvement. In future interpretations of MRI in women with LCIS, lesion size should be carefully measured to obviate underestimation and re-excision. In addition, bracketing of the lesion may be used to determine the extent of the surgery required.
Our study has several limitations. First, our sample size may have been too small to draw a solid conclusion. Second, as we only included cases confirmed by surgical excision to avoid verification bias, there may have been selection bias towards cases with more suspicious imaging features. However, this may not have affected our results.
In conclusion, the majority of pure nonmass LCIS lesions showed regionally, or focally distributed, heterogeneous internal enhancement, while masses were depicted as irregular shapes with homogeneous enhancement and delayed persistent kinetics. Although all of the LCIS lesions were visible on MRI in our study, the associated imaging findings tended to be more subtle than those of invasive cancers. This resulted in an underestimation of lesion extent and a re-excision rate of 21.4% (6/28). Increased awareness of these features will contribute to more accurate assessments of lesion extent on MRI.
